ABSTRACT: Rational synthetic procedures for the preparation of phosphorescent heteroleptic iridium(III) complexes, with con-
INTRODUCTION
The nature and energy of the excited states in d 6 -complexes can be manipulated by deliberate chemical synthesis. As a consequence, there is a growing interest in phosphorescent iridium(III) complexes, which can reach high quantum efficiency and short lifetimes and further show a facile color tuning.
1 With some exception, 2 they are mononuclear compounds, which can be grouped in two big classes: homoleptic species and heteroleptic complexes. Homoleptic species are ions or molecules. Ions contain two equal neutral or monoanionic N,N,N-tridentate ligands coordinated to an iridium(III) center, 3 whereas the molecules are formed by an iridium(III) core surrounded by three equal monoanionic bidentate ligands, which usually display N-and C-donor atoms with a coordination disposition affording a five-or six-membered metalacycle. 4 Heteroleptic complexes also include ions and molecules. However, in this case, they contain at least two different ligands. 5 Heteroleptic iridium(III) complexes can be tailored to express specific luminescent properties. The straightforward manner in which these properties can be tuned has positioned this type of compounds at the forefront of modern photochemistry. Although salts can be also employed for OLED 6 applications, in addition to the light-emitting electrochemical cell (LEC) technology, 7 neutral compounds are usually used as a emitter for device fabrication. 8 As a consequence, the neutral iridium(III) complexes have awakened more interest than the iridium salts.
The metal center of these octahedral compounds coordinates from 2 to 5 different elements as donor atoms. According to the number of donated electrons by each ligand and its denticity, (m = monodentate, b = bidentate, t = tridentante) the neutral phosphorescet iridum (III) complexes can be classified into:
[ 15 species. For each composition, several isomers with different stereochemistries are possible, increasing the number of isomers as increases the number of different donor atoms around the iridium(III) core. Each isomer has its own photophysical properties. As a result, the selective synthesis of the wished isomer is necessary. Thus, the development of procedures for the selective preparation of specific isomers is certainly a challenge of the highest level. The difficulty of preparing selectively a particular isomer increases as the number of different ligands around the metal center also increases. This has made of the family of phosphorescent heteroleptic iridium(III) complexes [3b+3b+3b'] the largest with great difference, since it is the most easy of obtaining via (3b) 2 -chloride dimers. As a consequence, the synthetic efforts to achieve a wide range of color have been focused on the ligand design, instead in the search of new structures. Significantly less attention has received the relationship
Scheme 1. Preparation of the the Hydride Target Compound
ligand-structure-quantum efficiency. 16 In an effort to develop synthetic procedures for the selective preparation of phosphorescent iridium(III) complexes, with a high number of different donor atoms around the metal center, and interested in investigating the influence on the color and on quantum efficiency of usual ligands in organometallics, but less frequent in photophysical studies such as hydride and alkenyl, 17 we decided to prepare a novel [3b+3b'+2m+1m'] family of iridium(III) compounds. This paper describes the synthetic procedures for the selective preparation of the isomer shown in Chart 1 of complexes IrX{κ 2 -N,C-(qui-C 6 H 4 )}(acac)(P i Pr 3 ) (X = H, CH 2 =CH, PhCH=CH, Cl) and shows the relationship between the ligand X and the quantum efficiency.
Chart 1. Target Complexes in this Study

RESULTS AND DISCUSSION
Hydride Complex. Polyhydrides of platinum group metals have been proven to perform a wide range of σ-bond activation reactions, 18 including the cleavage of C-H bonds, in particular chelate-supported cyclometalation reactions. 19 We have previously used this ability of polyhydrides to prepare several types of phosphorescent osmium(IV) 17 and osmium(II) 8a,20 complexes, by means of sequential σ-bond activation reactions, starting from the d 2 -hexahydride OsH 6 (P i Pr 3 ) 2 . In a consistent manner with the behavior of this hexahydride, we have also observed that the d 4 -pentahydride IrH 5 (P i Pr 3 ) 2 (1) promotes the chelate NHC-supported aryl C-H bond activation of phenyl substituted bis(azolium) salts, to afford different types of dinuclear iridium-NHC complexes containing metalated aryl groups. 21 In view of these precedents, we decided to employ complex 1 to perform the direct cyclometalation of 2-phenylquinoline and to subsequently generate the hydridetarget compound as shown in Scheme 1. Treatment of toluene solutions of 1 with 1.0 equiv of the heterocycle, under reflux, for 24 h affords the iridium(III) dihydride IrH 2 {κ 2 -N,C-(qui-C 6 H 4 )}(P i Pr 3 ) 2 (2), as expected. Its formation is the result of the release of two hydrogen molecules and the quinolyl-supported ortho-CH bond activation of the phenyl substituent of the amine. This complex was isolated as an orange solid in 67% yield and characterized by X-ray diffraction analysis. Figure 1 shows a view of the structure. The coordination polyhedron around the iridium atom can be rationalized as a distorted octahedron with trans-phosphines (P(1)-Ir-P(2)) = 162.24(2)º). The perpendicular plane is formed by the chelate ligand, which acts with a C(1)-Ir-N(1) bite angle of 77.67(9)º, and the hydrides. The Ir-C(1) and Ir-N(2) bond lengths of 2.079(3) and 2.209(2) Å, respectively, compare well with the reported ones for related heterometalacycles. 22 In agreement with the presence of two inequivalent hydride ligands in the molecule, the 1 H NMR spectrum in benzene-d 6 shows two high field resonances at -12.17 and -21.20 ppm, which appear as double triplets with a H-H coupling constant of 5.0 Hz and H-P coupling constants of 20.6 and 18.2 Hz, respectively. In the 13 
C{
1 H} NMR spectrum, the most noticeable feature is the presence of a triplet ( 2 J C-P = 7.0 Hz) at 181.5 ppm, corresponding to the metalated carbon atom of the chelate ligand. The equivalent phosphines give rise to a singlet at 25.5 ppm, in the 31 P{ 1 H} NMR spectrum. FIGURE 1. ORTEP diagram of complex 2 (50% probability ellipsoids). Hydrogen atoms (except the hydrides) are omitted for clarity. Selected bond lengths (Å) and angles (deg): Ir-C(1) = 2.079(3), Ir-N(1) = 2.209(2), Ir-P(1) = 2.3167(7), Ir-P(2) = 2.3041(7), C(1)-Ir-N(1) = 77.67(9), P(1)-Ir-P(2) = 162.24(2).
Complex 2 is a Brønsted base. At least one of the hydride ligands is responsible for this character. 23 Thus, the addition of 1.0 equiv of HBF 4 ·OEt 2 to diethyl ether solutions of 2 produces the release of molecular hydrogen, as a result of the protonation of the basic hydride, and the formation of the fivecoordinate monohydride derivative [IrH{κ 2 -N,C-(qui-C 6 H 4 )}(P i Pr 3 ) 2 ]BF 4 (3). The salt was isolated as an orange solid in 59% yield and characterized by X-ray diffraction analysis. Figure 2 shows a view of the cation. The structure proves the unsaturated character of the metal center. The geometry around the iridium atom can be rationalized as a distorted square pyramid with the metalated carbon atom of the chelate group in the apex. At the base, the nitrogen atom lies trans to the hydride (N(1)-Ir-H(01) = 176.4(13)º) along with the phosphines, which are also trans disposed (P(1)-Ir-P(2)) = 159.70(3)º). The four donor atoms forming the base and the metal center are approximately in a plane. Although the cation is undoubtedly a 16-valence electrons species, in the sixth position of the formal octahedron, the iridium atom is wellshielded by two methyl groups, one of each phosphine, and the homocyclic ring of the quinolyl group. The shielding effect of the methyl groups is supported by the bending of the P(1)-Ir-P(2) angle, which markedly deviates from the ideal value of 180º. The shielding effect may also explain the surprising stability of this unsaturated iridium(III) cation which does not contain any π-donor ligand. The Ir-C(1) bond length of 1.984(3) Å as well as the Ir-N(1) distance of 2.158(3) Å compare well with the respective parameters of 2. H} NMR spectrum shows a singlet at 27.9 ppm for the equivalent phosphines. The six-coordination number for 3 can be achieved by reaction with potassium acetylacetonate (K(acac)). The entry of the new ligand produces the release of one of the phosphines. Thus, the addition of 1.1 equiv of K(acac) to tetrahydrofuran solutions of 3 selectively yields the hydride-target compound IrH{κ 2 -N,C-(qui-C 6 H 4 )}(acac)(P i Pr 3 ) (4), after 12 h, under reflux. Complex 4 was isolated as a yellow solid in 75% yield. Its stereochemistry was determined by X-ray diffraction analysis. Figure 3 shows a view of the structure. The coordination polyhedron around the iridium atom can be rationalized as a distorted octahedron with the hydride ligand disposed trans to the nitrogen atom of the quinolyl group (H(01)-Ir-N(1) = 173.7(11)º). The perpendicular plane is formed by the acac ligand, the phosphine disposed trans to O(2) (P(1)-Ir-O(2) = 170.94(5)º) and the metalated carbon atom of the phenyl group disposed trans to O(1) (C(1)-Ir-O(1) = 176.17(10)º). The Ir-C(1) and Ir-N(1) bond lengths of 1.990(3) and 2.228(2) Å, respectively, compare well with those of 2 and 3. In the 1 H NMR spectrum, in dichloromethane-d 2 , at room temperature, the hydride resonance is observed at -19.80 ppm as a doublet with a H-P coupling constant of 24.3 Hz, whereas the resonance due to the metalated carbon atom of the phenyl group appears at 150.8 ppm in the 13 C{ 1 H} NMR Spectrum, also as a doublet ( 2 J C-P = 8.5 Hz). The 31 P{ 1 H} NMR spectrum shows a singlet at 12.5 ppm. Alkenyl Complexes. The five-coordinate hydride cation 3 is the key to prepare alkenyl counterparts of 4 in two steps: alkyne insertion and subsequent acetylacetonate coordination (Scheme 2). The unsaturated character of 3 certainly facilitates the insertion of the C-C triple bond of terminal alkynes into the Ir-H bond of the cation. Thus, the addition of 1.0 equiv of phenylacetylene to acetone solutions of 3, at room temperature, leads to the five-coordinate styryl derivative [Ir(E-CH=CHPh){κ 2 -N,C-(qui-C 6 H 4 )}(P i Pr 3 ) 2 ]BF 4 (5), after 1 h, whereas the stirring of tetrahydrofuran solutions of 3 under 1 atm of acetylene, at room temperature, for 20 min affords the vinyl species [Ir(CH=CH 2 ){κ 2 -N,C-(qui-C 6 H 4 )}(P i Pr 3 ) 2 ]BF 4 (6), The salts were isolated as orange-red solids in high yield (96-66%). The insertion of the hydrocarbons into the metal-hydride bond was confirmed by means of the X-ray structure of the styryl derivative 5. Figure 4 shows a view of the cation which is Scheme 2. Preparation of the Vinyl and Styryl Target Compounds unsaturated as its precursor and also does not contain any π-donor ligand. The geometry around the metal center is as that of 3 with the styryl group at the position of the hydride ligand and N(1)-Ir-C(1) and P(1)-Ir-P(2) angles of 178.06(8)º and 171.93(2)º, respectively. The most noticeable feature of the alkenyl ligand is the E-disposition of the metal fragment and the phenyl group at the C-C double bond, which supports a cis-insertion. Ir-aryl and Ir-quinolyl bond lengths of 1.986(2) (Ir-C(9)) and 2.1542(19) (Ir-N(1)) Å are statistically identical to those of 3, whereas the Ir-styryl distance of 2.035(2) Å compares well with the Ir-alkenyl distances previously reported for related compounds. 24 The 1 H, 13 C{ 1 H} and 31 P{ 1 H} NMR spectra of 5 and 6, in dichloromethane-d 2 , at room temperature are consistent with the structure shown in Figure 4 . In agreement with the E-stereochemistry of the styryl ligand, the 1 H NMR spectrum of 5 shows at 9.78 and 6.73 ppm the characteristic signals of the vinylic hydrogen atoms, with a H-H coupling constant of 17.7 Hz. For 6, the vinyl resonances are observed at 9.30, 6.13 and 5.41 ppm. In the 13 
1 H} NMR spectra the resonances due to the C α and C β atoms of the alkenyl ligand appear at 134.8 and 133.6 ppm for 5 and at 141.8 and 121.2 ppm for 6, as triplets with C-P coupling constants of about 10 and 3 Hz, respectively, whereas the resonance corresponding to the metalated carbon atom of the phenyl group of the chelate is observed at about 119 ppm for both salts as a triplet, with a C-P coupling constant of 6.4 Hz. The 31 P{ 1 H} NMR spectra contain a singlet at 7.0 ppm for 5 and at 6.5 ppm for 6, as expected for equivalent phosphines. Complexes 5 and 6 achieve the six-coordination number by reaction with K(acac), as their hydride precursor 3. Treatment of tetrahydrofuran solutions of both five-coordinate alkenyl compounds with 1.0 equiv of K(acac) in methanol, at room temperature, for 12 h leads to the neutral six-coordinate alkenyl derivatives Ir(E-CH=CHR){κ 2 -N,C-(qui-C 6 H 4 )}(acac)(P i Pr 3 ) (R = Ph (7), H(8)), as a result of the chelate coordination of the acac ligand and the release of one of the phosphines. Complexes 7 and 8 were isolated as yellow solids in good yield (60-70%). The styryl derivative 7 was characterized by X-ray diffraction analysis. Like in the hydride counterpart, the structure ( Figure 5 ) suggests that the formation of 7 and 8 involves the initial coordination of one of the oxygen atoms of the incoming ligand at the free position of the pyramid of the starting compounds and the subsequent displacement of a phosphine by the remaining oxygen atom. Thus, the resulting octahedron keeps the alkenyl ligand trans H} NMR spectra of 7 and 8, in dichloromethane-d 2 , at room temperature are consistent with the structure shown in Figure 5 . In the 1 H NMR spectrum, the resonances corresponding to the vinylic hydrogen atoms of the alkenyl ligand appear at 9.9 and 4.90 ppm for 7 and at 8.39, 5.47, and 4.91 ppm for 8, whereas the C α and C β signals of this ligand in the 13 C{ 1 H} NMR spectra are observed at 132.2 and 132.1 ppm for 7 and at 136.4 and 116.3 ppm for 8. The resonance corresponding to the metalated phenyl carbon atom appears at about 148 ppm for both compounds. A singlet at 9 ppm in the 31 P{ 1 H} NMR spectra is also a characteristic feature of these compounds. Chloride complexes. Pentahydride 1 is not a useful starting material to prepare a chloride target compound related to 4, 7 and 8. So, we decided to use the tetrahydrothiophene deriva tive IrCl 3 (tht) 3 (9), which had previously proven to be effective for the preparation of OLED phosphors, through phosphine coordination and chelate-supported C-H bond activation reactions. 25 Scheme 3 summarizes the procedure used in this case.
The chloride-target compound was prepared via the fivecoordinate cis-dichloride intermediate IrCl 2 {κ 2 -N,C-(qui-C 6 H 4 )}(P i Pr 3 ) (10), which was obtained as and orange solid in 58% yield, in one-pot synthesis procedure, in refluxing decalin, by sequential addition of 1.0 equiv of triisopropylphosphine and 1.0 equiv of 2-phenylquinoline to 9. Under the same conditions, using triphenylphosphine instead of triisopropylphosphine, the triphenylphosphine counterpart IrCl 2 {κ 2 -N,C-(qui-C 6 H 4 )}(PPh 3 ) (11) was also isolated as an orange solid in good yield, 78%. The unsaturated character of these intermediates was confirmed by means of the X-ray diffraction structure of 10 ( Figure 6 ). Like for the previous five-coordinate species of this work, the geometry around the iridium atom can be rationalized as a distorted square pyramid with the metalated carbon atom of the N,C-chelate group in the apex. At the base the chloride ligands Cl(1) and Cl(2) lie trans to the phosphine and the nitrogen atom of the quinolyl group with Cl(1)-Ir-P(1) and Cl(2)-Ir-N(1) angles of 174.63(3)º and 170.49(7)º, respectively. In this case, the four atoms forming the base are also approximately in a plane, whereas the metal center is located 0.1750(12) Å above this plane towards the apical position. The iridium-chelate Ir-C(1) and Ir-N(2) distances of 1.978(3) and 2.040(2) Å, respectively, compare well with those observed in the previous structures.
The 13 
1 H} NMR spectra of 10 and 11, in dichloromethaned 2 , at room temperature show the resonance due to the metalated carbon of the phenyl group at 126.0 ppm for 10 and 124.0 ppm for 11, in agreement with the chemical shifts observed for the five-coordinate complexes 3, 5, and 6. The 31 P{ 1 H} NMR spectra contain a singlet at -2.5 ppm for 10 and at -11.09 ppm for 11. Complexes 10 and 11 react with K(acac), under the same conditions as 3, 5 and 6, to afford the six-coordinate compounds IrCl{κ 2 -N,C-(qui-C 6 H 4 )}(acac)(PR 3 ) (PR 3 = P i Pr 3 (12), PPh 3 (13)), which were isolated as orange (12) and yellow (13) solids in moderated yields (40-60%). The X-ray diffraction structure of 12 ( Figure 7 ) confirms that the stereochemistry of these compounds is as that of the hydride and alkenyl counterparts 4, 7 and 8, with the chloride ligand trans disposed to the nitrogen atom of the quinolyl group (Cl(1)-Ir-N(1)) = 170.81(8)º). At the perpendicular plane, the oxygen atoms O(1) and O(2) of acac lie trans to the phosphine and phenyl group with O(1)-Ir-P(1) and O(2)-Ir-C(1) angles of 177.12(8)º and 170.87(12)º, respectively. The Ir-C(1) and Ir-N(1) distances of 1.998(3) and 2.091(3) Å compare well with those of 4, 7 and 8. In the 13 C{ 1 H} NMR spectra of 12 and 13, in dichloromethane-d 2 , at room temperature, the resonance corresponding to the metalated carbon Table 1 . The spectra of the five compounds are similar ( Figures S34-S38) , showing three different zones: 240-360 nm, 380-480 nm and >480 nm. Time dependence DFT calculations (B3LYP-GD3//SDD(f)/6-31G**, computed in tetrahydrofuran as solvent) indicate that the absorptions of highest energy correspond to ligand centered (LC) transitions mainly involving the N,C-chelate group. The spectra in the region of moderate absorption bands between 380 and 480 nm show some dependence of the 1m' ligand, which seems to determine the contribution of the metal center to the HOMO of the complexes, decreasing in the sequence H > CH=CH 2 > Cl > CH=CHPh (Tables S11-S15. The frontier orbitals of the complexes are shown in Figures S39-S43 ). The spectrum of the hydride complex 4 shows a absorption at 440 nm, corresponding to a HOMO (44% Ir + 46% N,C)→LUMO (97% N,C) transition. In contrast to 4, the spectrum of the styryl complex 7 contains two bands at 408 and 440 nm. The first of them corresponds to a transition similar to the above mentioned, HOMO-1 (41% Ir + 51% N,C)→LUMO (96% N,C), whereas the second one mainly implies to the styryl ligand and the N,C-chelate group with a small contribution of the metal, HOMO (23% Ir+ 70% CH=CHPh)→LUMO (96% N,C). The spectrum of the vinyl derivative 8 has also two bands in this region, at 380 and 440 nm. The higher energy band is due to a HOMO-2→LUMO transition, being the HOMO-2 mainly centered on the metal (39%) and the acac (32%) ligand with some contribution of the vinyl group (16%), whereas the LUMO is centered on the N,C-chelate ligand (97%). The band of lower energy corresponds to a HOMO→LUMO transition. Like in 7 the HOMO is centered on the metal and the alkenyl group but, in this case, the contributions are conversely, 44% on Ir and 36% on CH=CH 2 . The spectrum of the chloride complex 12 also contains two moderate absorption bands at 376 and 440 nm due to HOMO-2→LUMO and HOMO→LUMO transitions. HOMO-2 is centered on the metal center (40%) and the chloride ligand (40%), whereas the HOMO is centered on the metal center (38%) and the acac ligand (37%) and has further a significant contribution of the chloride anion (16%). Like in the previous cases, the LUMO is centered on the N,C-chelate ligand (96%). The replacement of triisopropylphosphine by triphenylphosphine does not produce significant changes in the appearance of this region of the spectrum, although it increases the role of the N,C-chelate group in the transitions while diminishes that of the chloride ligand. The weak absorption tails after 480 nm are usually assigned to theoretically forbidden 3 MLCT transitions, caused by the large spin orbit coupling constant introduced by the iridium center.
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Complexes 4, 7, 8, 12 and 13 are yellow-orange emissive upon photoexcitation in the solid state at room temperature and in 2-methyltetrahydrofuran at room temperature and at 77K, displaying bands centered between 613 and 525 nm. Figure 8 depits the emission spectra, whereas Table 2 collects experimental and calculated wavelengths, lifetimes and quantumyields. The emissions can be attributed to T 1 excited states originated by HOMO→LUMO charge transfer transitions for 4, 7, 12 and 13 and by HOMO-1→LUMO for 8. Figure 9 displays the spin density distribution calculated for the T 1 states at their minimum energy geometry. In accordance with this, good agreement is observed between the experimental wavelengths and those calculated estimating the difference in energy between the optimized triplet state and the singlet state. The lifetimes lie in the range 6.6-0.6 µs, whereas The comparison of data collected in Table 2 and the spectra of Figure 8 reveals three noticeable features of these compounds: (i) The 1m' ligand has a poor influence on the color, displaying the emission a slight shift from yellow to orange in the sequence H < CH=CH 2 < CH=CHPh < Cl.
(ii) In methyltetrahydrofuran, at 77 K, the life times slightly increase and the emissions are splitted into two bands, which is consistent with the notable contribution of the ligands to the HOMO of the complexes. And (iii) in contrast to the color, the quantum yields show some dependency upon the 1m' ligand, increasing in the sequence CH=CHPh < Cl < CH=CH 2 < H. The accessibility of the 3 MC calculated excited states decreases in the sequence H < CH=CHPh ≈ CH=CH 2 < Cl ( Figure  S64 ), in agreement with the field strength of the 1m' ligands. These results are consistent with the decrease of the quantum yield in the sequence 4 > 8 > 12, which suggest that, for these complexes, thermally accessible 3 MC states can play some role in non-radiative decay pathways. However, the exceptional low quantum yield of 7 appears to be due their very small radiative emission rate (Table S16) as a consequence of a higher LLCT contribution to the singlet-triplet transition.
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CONCLUDING REMARKS
This study reveals the synthetic procedures for the selective preparation of a novel family of phosphorescent heteroleptic iridium(III) emitters and their photophysical properties. The new compounds are of the type [3b+3b'+2m+1m'] and have the general formula IrX{κ 2 -N,C-(qui-C 6 H 4 )}(acac)(P i Pr 3 ) (X = H, PCH=CH 2 , CH 2 =CH, Cl). Their X-ray diffraction structures show that the stereochemistry around the iridium(III) center can be in all the cases rationalized as an octahedron with the 1m' ligand (X) disposed trans to the nitrogen atom of the N,C-chelate. At the perpendicular plane the oxygen atoms of the acac lie trans to the phenyl group and phosphine. The preparation of these compounds uses typical organometallic reactions such as the chelate-supported C-H bond activation and alkyne insertion, in the case of the alkenyl complexes, and takes place via five-coordinate intermediates, which coordinate acac and release a monodentate ligand. The starting complexes depend upon the 1m' ligand. While the d 4 -pentahydride IrH 5 (P i Pr 3 ) 2 is used to obtain the hydride and alkenyl compounds, the solvento complex IrCl 3 (tht) 3 is employed to form the chloride counterpart. These six-coordinate complexes are yellow-orange emissive upon photoexcitation with short life times and quantum yields in the range 0.04-0.75. The 1m' ligand, that characterizing the complex, has a poor influence on the emission color. However, it determines the quantum yield, which increases in the sequence CH=CHPh < Cl < CH=CH 2 < H, as the contribution of the metal center to the HOMO of the complexes also increases.
In conclusion, rational synthetic procedures for the selective preparation of a determined stereoisomer of phosphorescent heteroleptic iridium(III) complexes of the type [3b+3b'+2m+1m'] are reported and the influence of the 1m' ligand on the emission color and the quantum yield is analyzed.
EXPERIMENTAL SECTION
General Information. All the solvents were collected oxygen-and water-free from an MBraun solvent purification apparatus with the exception of decaline which was dried and distilled under argon. Pentane-2,4-dione was distilled urder vacuum. All the reactions have been run in rigorous exclusion of air using Schlenk-tube techniques. 1 are given in hertz. Attenuated total reflection infrared spectra (ATR-IR) experiments were carried out with solid samples on a Perkin-Elmer Spectrum 100 FT-IR spectrometer. C, H, and N analyses were carried out in a Perkin-Elmer 2400 CHNS/O analyzer. High-resolution electrospray mass spectra were acquired using a MicroTOF-Q hybrid quadrupole time-of-flight spectrometer (Bruker Daltonics, Bremen, Germany). The UV-vis spectra were recorded in a Thermo Scientific Evolution 600 UVVisible spectrophorometer. The steady-state photoluminicesce spectra were carried out in a Horiba Jovin Yvon Fluorolog-3-11 Tau-3 spectrophotometer. The lifetimes were measured with a Datastation HUB-B with a nanoLED controller and the DAS6 software. The Quantum yields were measured with a Quantum Yield HAMAMATSU Absolute PL Quantum yield Spectrometer C11347. The starting materials IrH5(P i Pr3)2 28 and IrCl3(tht)3 29 were prepared according to previously published methods. All other reagents were used as received from commercial sources.
Preparation of IrH 2 {κ 2 -N,C-(qui-C 6 H 4 )}(P i Pr 3 ) 2 (2).
A yellow solution of IrH5(P i Pr3)2 (400 mg, 0.77 mmol) and 2-phenylquinoline (158.7 mg, 0.77 mmol) in toluene (6 mL) was refluxed one day evolving to a red solution. Toluene was concentrated to Ca ~ 1 mL and MeOH was added (6 mL) resulting in the precipitation of an orange solid which was washed with MeOH (2x3 mL) affording 2. Yield: 321.4 mg (76 %). Anal. Calcd. for C 33 
(s).
Preparation of IrH{κ
-N,C-(qui-C6H4)}(acac)(P i Pr3) (4).
An orange suspension of compound (3) (300 mg, 0.35 mmol) and K(acac) (53.2 mg, 0.385 mmol) in THF (5 mL) was refluxed overnight. The resulting yellow solution was concentrated to dryness and toluene (20 mL) was added. The yellow toluene solution was extracted to another schlenk and concentrated in vacuo to Ca ~ 1 mL and pentane (6 mL) was added resulting in the precipitation of a yellow solid. The solid was washed with pentane (3x3 mL). Yield: 543. . A KOH solution in MeOH (2.55 mL, 0.258 M) was added to acetylacetone (68 µL, 0.66 mmol). The solution was stirred for 10 minutes and then it was added to an orange suspension of compound 5 (400 mg, 0.44 mmol) in THF (15 mL). The mixture was stirred overnight and it turned to and orange solution. The THF was concentrated to dryness and dichloromethane (20 mL) was added. The resulting orange solution was extracted and concentrated to dryness in vacuo to Ca ~ 1 mL and Cold pentane (5 mL) was added. The resulting yellow solid was washed with pentane (3x3 mL -N,C-(qui-C 6 H 4 )}(acac)(P i Pr 3 ) (8). A KOH solution in MeOH (5.5 mL, 0.258 M) was added to acetylacetone (150 µL, 1.46 mmol). The solution was stirred for 10 minutes and then it was added to an orange suspension of compound 6 (808.6 mg, 0.973 mmol) in THF (25 mL). The mixture was stirred overnight and it turned and reddish orange solution. The THF was concentrated to dryness and dichloromethane (20 mL) was added. The resulting reddish orange solution was extracted and concentrated to Ca ~ 1 mL in vacuo. Cold pentane (5 mL) was added to the resulting orange solution and a yellow solid precipitated. The solid was washed with pentane (3x3 mL). Yield: 455.8 mg (60 %). Anal. Calcd. for C 31 H 41 IrNO 2 P: C, 54.53; H, 6.05; N, 2.05. Found: C, 54.15; H, 6.10; N, 1.76. Preparation of IrCl2{κ 2 -N,C-(qui-C6H4)}(P i Pr3) (10). P i Pr3 (170.0 µL, 0.888 mmol) was added to a yellow suspension of IrCl3(THT)3 (500 mg, 0.888 mmol) in decaline (5 mL). The resulting yellow suspension was heated for 90 minutes at 185ºC and turned to a red solution. 2-Phenylquinoline (120.3 mg, 0.533 mmol) was added and the resulting mixture was refluxed overnight. The resulting orange solid was separated by decantation. The solid was washed with pentane (3x4 mL). Yield: 379.8 mg (58 %). Anal. Calcd. . Decaline (5 mL) was added to a mixture of PPh3 (139.8 mg, 0.53 mmol) and IrCl 3 (THT) 3 (300 mg, 0.533 mmol). The resulting yellow suspension was refluxed for one hour and turned to an orange suspension. 2-Phenylquinoline (120.3 mg, 0.533 mmol) was added and the resulting mixture was refluxed overnight. The resulting orange solid was separated by decantation. The solid was washed with CH 2 Cl 2 (3x5 mL) and pentane (2x3 mL). Yield: 303 mg (78 %). Anal. Calcd. for C 33 o in ω. Data were corrected for absorption by using a multiscan method applied with the SADABS program. 30 The structures were solved by Patterson or direct methods and refined by full-matrix least squares on F 2 with SHELXL97, 31 including isotropic and subsequently anisotropic displacement parameters. The hydrogen atoms were observed in the least Fourier Maps or calculated, and refined freely or using a restricted riding model. The hydrogen atoms bonded to metals were observed in the last cycles of refinement but refined too close to metals, so a restricted refinement model was used for all of them (d (Ir-H= 1.59(1) Å) . In 5 the BF 4 anion was observed disordered and refined with two moieties with restrained geometries, complementary occupancy factors and isotropic displacement parameters.
Crystal Computational details: All calculations were performed at the DFT level using the B3LYP functional 32 supplemented with the Grimme's dispersion correction D3 33 as implemented in Gaussian09. 34 Ir atom was described by means of an effective core potential SDD for the inner electrons 35 and its associated double-ζ basis set for the outer ones, complemented with a set of f-polarization functions. 36 The 6-31G** basis set was used for the H, C, N and P atoms. 37 The singlet (S0) and lowest triplet excited geometries (T1) were computed with the B3LYP and unrestricted B3LYP (UB3LYP) functionals, respectively. Full geometry optimizations without symmetry constraints were carried out. Following the optimization of these states, the vibrational frequencies were calculated and the results showed that all optimized structures are minima on the potential energy surface. All geometries were fully optimized in THF (ε = 7.4257) solvent using the continuum SMD model. 38 We also performed TD-DFT calculations at the same level of theory calculating the lowest 50 singletsinglet excitations at the ground state S 0 and the lowest 5 singletsinglet and 5 singlet-triplet excitations at the lowest excited triplet T1 optimized geometries. It has to be noticed that the singlet-triplet excitations are set to zero due to the neglect of spin-orbit coupling in the TDDFT calculations as implemented in G09. The UV/vis absorption spectra were obtained by using the GaussSum 3 software. 39 The methodology for the optimization and fully refinement of the 3 MC states was performed following the method described previously. 40 The 3 MC minima shows a tetragonal distortion by elongation along the N-Ir-H (4) or N-Ir-Cl (12) axis, or decoordination of one oxygen atom of the acac ligand to form a trigonal bipyramid structure in 7 and 8.
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